Although 90 susceptibility loci of Crohn's disease (CD) have been confirmed in the Asian population, susceptibility genes for perianal fistula of CD (pCD) in this population remain unknown. This study explored susceptibility genes for CD and pCD in the Han population from South China.
Background
Crohn's disease (CD) is a major component of chronic idiopathic inflammatory disease, which primarily affects the terminal ileum and colon. A prospective, population-based study showed that the incidence rate for CD was as high as 1.09 per 100 000 person-years in China [1] . Although the CD prevalence in China is still lower than that in Western countries, this figure has increased rapidly over the past few decades [2] . The underlying etiology of CD is still undetermined [3] , but it has long been thought as a consequence of an inappropriate mucosal immune response to antigenic stimulation from the gut microbiota in a genetically susceptible host [4] . Studies from twins suggested an approximately 50% genetic contribution in CD [5] . Therefore, the identification of the related genetic changes that are implicated in CD susceptibility would provide insights into the etiology of this disorder.
To the best of our knowledge, over 200 single nucleotide polymorphisms (SNPs) in several genes (such as NOD2/CARD15, NOD1/CARD4, and ABCB1) are related to CD in Western populations [6] [7] [8] [9] . However, due to genetic differences, some SNPs failed to show a link to CD in the Asian population [10, 11] . For example, mutations within genes from the NOD2/CARD15, ATG16L1, and IL23/Th17 signaling pathways were demonstrated to confer susceptibility to CD only in Western patients and not in Chinese and Japanese patients [12] [13] [14] [15] . In addition, studies in the Asian population have revealed some unique SNPs, e.g., c.374T>C of the DLG1 gene in Chinese patients [16] , ATG16L2 and/or FCHSD2 in Chinese and South Korean patients [17, 18] , and SNPs in the TNFSF15 gene in East Asians [19] . These differences emphasize the importance of identifying populationspecific gene variants.
Perianal fistula CD (pCD) is a subtype of CD with poor prognosis and low quality of life. According to population-based studies, the proportion of pCD ranges from 12% to 40% among CD patients, and this prevalence varies according to disease location and disease duration [20] . A European project has revealed that perianal fistula formation in CD patients might be attributed to genes including IL23R, LOC441108, PRDM1, and NOD2 [21] . Another study in the Italian population suggested an association of the SNP rs4958847 in the IRGM gene with the susceptibility to pCD [22] . Studies in Dutch, German, and Norwegian populations found an association between rs2165047 in the DLG5 gene and the NOD2 haplotype with perianal development [23, 24] . Furthermore, rs72796353 in NOD2 was also reported to be significantly associated with perianal fistula development in cases devoid of SNPs rs2066844, rs2066845, and rs2066847 [25] . Among the Asian population, only 2 studies have screened potentially pathogenic SNPs in CD patients and explored their associations with perianal fistula formation. One recent study was conducted in a Japanese population and found that the AT haplotype in the TNFRSF1B gene might promote fistula development [26] , while another study in a Korean population revealed the association of the rs4574921 CC genotype within the TNFSF15 gene with perianal fistula formation [27] . However, susceptibility genes and SNPs have never been assessed in the Chinese population. In addition, to reveal the unique gene variants predisposing patients to pCD, it is important to identify the differences in susceptibility genes and SNPs between non-perianal CD (npCD) patients and pCD patients, which have yet to be evaluated.
Here, we extended previous findings in the Asian population by assessing the association between the CD susceptibility loci reported in Asians to Southern Chinese CD patients to clarify the specificity of CD susceptibility genes in the Chinese population and further compare the frequencies of those loci between pCD and npCD patients to explore the SNPs conferring susceptibility to pCD in the Chinese population.
Material and Methods

Patients
In total, data pertaining to 490 CD patients diagnosed between July 2012 and June 2016 were collected from the Inflammatory Bowel Disease (IBD) Center in the Sixth Affiliated Hospital of Sun Yat-sen University, including 250 patients with perianal fistula and 240 with non-perianal fistula. The CD diagnostic criteria were based on the Expert Consensus Document of IBD diagnosis and treatment in China, 2012 [28] . Demographic and clinical information, such as age, sex, race, year of diagnosis, disease location and disease behavior, were collected from all patients. CD behavior includes B1 (non-stricturing, non-penetrating), B2 (stricturing), and B3 (penetrating). In total, 260 healthy volunteers were also recruited from Guangzhou Blood Center. at 1000 rpm for 10 minutes. After serum removal, the sample was stored at -80°C.
Candidate locus determination
We searched the MEDLINE, EMBASE and China National Knowledge Infrastructure (CNKI) databases to identify studies reporting the candidate loci and genes implicated in Asian CD patients. Finally, 90 loci were identified as risk loci candidates for screening among CD patients ( Supplementary Table 1 ).
DNA extraction
DNA was extracted from the peripheral blood leucocytes by standard procedures with a Blood Genomic DNA Isolation Kit (Tiangen, Beijing, China; batch no., DP335). The DNA concentration was determined and then the sample was stored at -20°C.
SNP locus sequencing
Genotyping was performed with matrix-assisted laser desorption/ionization time of flight mass spectrometry (MALDI-TOF MS) [29] on the MassARRAY platform (BGI Tech, Beijing, China).
A 4-μL reaction system consisted of PCR buffer with 1.5 mM MgCl 2 (0.625 μL), 25 mM MgCl 2 (0.325 μL), 25 mM dNTPs (0.1 μL), 500 nM Primer Mix (1.0 μL), 5 U/μL HotStar Taq (0.1 μL), and HPLC grade water (1.85 μL). The system was applied to a 384-well plate. Template DNA at 20 ng/μL (1 μL) was added, and a 1-minute centrifugation at 1000 rpm was performed. The amplification conditions included 94°C for 5 minutes, followed by 45 cycles of 94°C for 20 seconds, 56°C for 30 seconds, 72°C for 1 minute, and 72°C for 3 minutes, with a final holding at 4°C. Shrimp alkaline phosphatase (SAP) mix at 2.0 μL was prepared, which contained 1.53 μL of HPLC grade water, 0.17 μL of SAP buffer (10x), and 0.3 μL of SAP enzyme (1 U/μL). Excess dNTPs were removed from the reaction system by incubating 5 μL of the reaction with the SAP mix at 37°C for 20 minutes followed by incubating it at 85°C for 5 minutes and then at 4°C until used.
Single-based extension liquid was prepared in a final volume of 2 μL, containing 0.2 μL of iPLEX Buffer Plus (0.222×), 0.2 μL of iPLEX Termination Mix (1×), 0.94 μL of Primer Mix (7 μM: 14 μM), and 0.619 μL of HPLC grade water. The liquid was used to produce 9 μL of the single-based extension reaction system. The system was subsequently subjected to 40 cycles of 94°C for 30 seconds and 94°C for 5 seconds, 5 cycles of 52°C for 5 seconds, 45 cycles of 80°C for 5 seconds and 72°C for 3 minutes, and a final holding step at 4°C. Resin purification was performed. After centrifugation, the products were sampled onto a 384-well SpectroChip (Sequenom, USA) for MALDI-TOF MS. The obtained data were analyzed with TYPER4.0.
Statistical analysis
All analyses were performed with SPSS version 20.0 (SPSS Inc., Chicago, IL, USA). Comparisons of characteristics among cases with and without perianal fistula and controls were made with one-way analysis of variance (ANOVA) or the chi-squared test whichever applicable; post hoc multiple comparisons were performed by Bonferroni correction analyses. Assessment of the genetic equilibrium of two comparison sets (CD patients versus controls; CD patients with or without perianal fistula) was made using the Hardy-Weinberg equilibrium test. Genotype frequency comparisons between the aforementioned sets were performed with the chi-squared test and are presented as odds ratios (ORs) and 95% confidence intervals (CIs). Haploview 4.2 was utilized for the linkage disequilibrium analysis. All tests were 2-sided, and P<0.05 was considered significant. The genome-wide association study (GWAS) involved statistical comparisons of hundreds of thousands of SNPs. To maintain a significance level of 0.05, the level of inspection for each comparison must be controlled to a certain extent, and we set a significance level for SNP comparisons at P<10 -7 .
Results
Characteristics
Generally, CD patients were older than the controls. The patients with pCD were older than those with npCD ( Table 1 ). The majority of cases were male in all 3 groups. In addition, higher percentages of patients with npCD than of those with pCD were single and had penetrating CD.
Risk genetic loci screening
In total, 90 genetic loci among 750 patients were identified (Supplementary Table 1 ). SNPs satisfying a detection rate >90%, MAF >5 and Hardy-Weinberg equilibrium were further screened, and 70 were obtained for further analysis (Supplementary Table 2 ).
Correlation analysis of genotypes in CD patients
Single SNP association analysis
The frequency comparison between risk loci in CD patients and controls (Supplementary Table 3 ) indicated that 9 SNPs (rs10114470, rs3810936, rs6478109, rs6478108, rs4263839, rs7848647, rs4246905, rs457492, and rs6478106) were significantly related to CD (all with P<10 -7 in Bonferroni multiplex analysis; Table 2 ). Among those SNPs, 5 were C>T mutations, 2 were G>A mutations, and the remaining 2 were T>C mutations. All those variants were located in the TNFSF15 gene on chromosome 9. Rs6478106 was the only SNP that presented correlation with the pathogenicity of CD (OR=2.15, 95% CI 1.94-3.26), while the remaining SNP exhibited protective roles against CD.
We further assessed the genotype distribution of rs6478106 among different age and gender groups. The results indicated that there were no associations of rs6478106 with age (£30 vs. >30, c 2 =0.386, P=0.824) or sex (male versus female, c 2 =2.096, P=0.351) ( Table 3) .
Haplotype analysis
Five SNPs (rs4574921, rs6478106, rs10114470, rs3810936, and rs4246905) were found in a 14-kb linkage disequilibrium region (block 1) on chromosome 9, while another 5 SNPs (rs4263839, rs6478108, rs6478109, rs7865494, and rs7848647) were found in a 17-kb linkage disequilibrium region (block 2) on chromosome 9. Haploview analysis showed that the haplotypes CCTTT, TTCCC, CCTCT and TCCTC in block 1 significantly increased the risk of CD (P<0.05). Correlation analysis between genotype distribution and perianal fistula of CD
Correlation analysis between single SNP and perianal fistula of CD
The comparison analysis between pCD and npCD patients (Supplementary (Table 4 ).
Adjusted analysis between single SNPs and perianal fistula of CD
We further added age and gender as covariates to the analysis (Supplementary Table 5 ) and found that rs72553867 located in the IRGM gene on chromosome 5 (OR=1.770, 95% CI 1.151-2.723), rs4409764 located in the NKX2-3 gene on chromosome 10 (OR=1.886, 95% CI 1.181-3.012) and rs3731772 located in the AOX1 gene on chromosome 2 (OR=2.131, 95% CI 1.150-3.949) were SNPs that conferred susceptibility to pCD.
Haplotype analysis
Haplotype analysis revealed a 54-kb monomer block in chromosome 5 that contained 4 haplotypes, namely, CTCTAG, TCCCGA, TCACAA, and CTCTAA. Compared with the CTCTAG and CTCTAA haplotypes, haplotypes TCCCGA and TCACAA were associated with pCD (P<0.05).
Discussion
This study showed that 9 SNPs (rs10114470, rs3810936, rs6478109, rs6478108, rs4263839, rs7848647, rs4246905, rs4574921, and rs6478106) located in TNFSF15 on chromosome 9 are related to CD in the Han population from Southern China. Rs6478106 is the only risk SNP associated with CD. Further analysis revealed that rs72553867 (located in IRGM on chromosome 5), rs4409764 (located in NKX2-3 on chromosome 10) and rs3731772 (located in AOX1 on chromosome 2) increase the risk of pCD. 
9641
TNFSF15 is mainly expressed in endothelial cells and can be induced in myeloid cells after the ligation of TLR and FcR by IgG ICs and the co-stimulation of T cells through the receptor DR3 [30] . Studies have confirmed the upregulated mRNA and protein levels of TNFSF15 in macrophages and CD4 + /CD8 + lymphocytes in the intestinal lamina propria of CD patients [31] .
TNFSF15 can bind to death domain receptor 3 and provide co-stimulatory signals that activate lymphocytes, inducing IFN-g secretion and prompting participation in inflammatory responses [32, 33] . Therefore, excessive expression of TNFSF15 can initiate and aggravate mucosal inflammation in CD patients. In European populations, the association of the TNFSF15 polymorphism with CD susceptibility has been widely reported [34, 35] . Rs4979462 and rs7848647 in TNFSF15 were reported to be related with CD in Korean and Japanese populations [18, 27, 36] . In China, only 1 study was conducted on the association between TNFSF15 and CD, and the authors found that the 3 SNPs in TNFSF15 (rs3810936, rs6478109, rs7848647) were not significantly associated with CD genetic susceptibility and clinical subtypes in the Han population [37] , which contrasts with our results that found 9 SNPs (rs10114470, rs3810936, rs6478109, rs6478108, rs4263839, rs7848647, rs4246905, rs4574921, and rs6478106) in TNFSF15 were related to CD. However, this study had a small sample size (42 CD patients and 49 healthy), which might lead to a limited power to discover significant associations [37] . Consistent with the results in the Japanese population [38] , our analyses also indicated that rs6478106 was a susceptibility SNP for CD. Our analysis further revealed that this association had no relationship with age or sex. Therefore, we propose that the genetic variation of TNFSF15, especially rs6478106T, is related to an increased risk for CD in China. The genetic variations of TNFSF15 in this study may provide evidence regarding the etiology of the disease and information that may be important for the development of treatments.
IRGM is widely expressed in various human cells and plays an important regulatory role in intracellular pathogen-associated immunity. IFN-g can induce the expression of the IRGM mouse homologue LRG-47 and produce auto lysosomes, while the lack of LRG-47 results in an increased susceptibility to infection [39] . The rs13361189 and rs4958847 loci of IRGM were confirmed to be related to CD susceptibility in a largescale clinical trial [40] . An Italian study showed that the polymorphisms rs1000113 and rs4958847 in the autophagy gene IRGM might participate in the pathogenesis of CD and that the polymorphism of rs4958847 was related to fistula behavior [22] . Another study among the Korean population suggested that rs10065172 and rs72553867 are protective factors against the development of CD [41] . Although increasing efforts have been devoted to focusing on the associations of IRGM mutations with CD, research on CD susceptibility genes in the Han population remains limited. In the study conducted by Zheng et al., 318 CD patients were examined, but no association between the rs13361189 polymorphism in IRGM and CD was observed for the Chinese population [42] , consistent with our result. We also found that in addition to rs4958847, the rs72553867 polymorphism was also closely related to the formation of perianal fistula in the Southern Han population. Our results suggested that IRGM gene polymorphisms might affect IRGM expression and thus alter the severity of intestinal mucositis.
Previous studies indicated the genetic association of NKX2-3 with pCD. Yu et al. analyzed the mRNA expression and protein level of NKX2-3 in American patients with familial IBD and found a significant link of NKX2-3 to CD [43] . Another Japanese study also found that the rs10883365 polymorphism of NKX2-3 was positively correlated with CD [44] . In addition, a Korean study showed that the rs88208 locus in NKX2-3 was also associated with CD, whereas studies in the Chinese population had the opposite conclusion [45, 46] . In the southern Han population, our study showed a significant relation between the rs4409764 and rs888208 sites of NKX2-3 and the pathogenesis of pCD. More noteworthy, this study also found that rs3731772 was significantly associated with pCD in the Han population in southern China. The results of our study may provide clues for the function of the AOX1 gene in patients with fistula CD.
Our study suffered from several potential limitations. First, screening for selected candidate loci and genes instead of genome-wide sequencing might lead to missed pathogenic SNPs. However, the selection of our SNP pool was based on multiple related studies that were obtained through a systematic search in MEDLINE and 2 other comprehensive databases in China. Second, we did not perform functional genomics research in this study. Functional analysis is helpful in ascertaining the actual roles of those genes, and our analysis may lay the groundwork for further potential function analyses. Third, although this study is the first confirmative research on susceptibility loci associated with perianal fistula CD in the Chinese population, it is preliminary and suffers from a small sample size based on a single center. Thus, the results of this study need to be validated by future multicenter studies with a large sample.
Conclusions
In the Han population from South China, 9 SNPs in TNFSF15 are related to CD and 3 SNPs located in IRGM, NKX2-3, and AOX1 increase the risk of pCD. This study is the first confirmative study on susceptibility loci associated with perianal fistula CD in this population, and its results are helpful for the exploration of new disease-associated mechanisms in the future.
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